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Abstract

Limits to natural variation: implications for systemic management.— Collectively, the tenets and principles of
management emphasize the importance of recognizing and understanding limits. These tenets require the
demonstration, measurement and practical use of information about limits to natural variation. It is important
to identify limits so as not to incur the risks and loss of integrity when limits are exceeded. Thus, by managing
within natural limits, humans (managers) simultaneously can achieve sustainability and minimize risk, as well
as account for complexity. This is at the heart of systemic management. Systemic management embodies the
basic tenets of management. One tenet requires that management ensure that nothing exceed the limits
observed in its natural variation. This tenet is based on the principle that variation is constrained by a variety
of limiting factors, many of which involve risks. Another tenet of management requires that such factors be
considered simultaneously, exhaustively, and in proportion to their relative importance. These factors, in
combination, make up the complexity that managers are required to consider in applying the basic principles
of management. This combination of elements is reflected in observed limits to natural variation that account
for each factor and its relative importance. This paper summarizes conclusions from the literature that has
addressed the concept of limits to natural variation, especially in regard to management. It describes: 1. How
such limits are inherent to complex systems; 2. How limits have been recognized to be important to the
process of management; 3. How they can be used in management. The inherent limits include both those
set by the context in which systems occur (extrinsic factors) as well as those set by the components and
processes within systems (intrinsic factors). This paper shows that information about limits is of utility in
guiding human action to fit humans within the normal range of natural variation. This is part of systemic
management: finding an integral and sustainable place for humans in systems such as ecosystems and the
biosphere. Another part of sustainability, however, involves action to promote systems capable of sustainably
supporting humans and human activities, not only as individuals, but also as a species. It is important to
distinguish what can and what can not be done in this regard.
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Resumen

Limites a la variacion natural: implicaciones para el manejo o gestion sistémica.— En conjunto, los dogmas y
principios del manejo enfatizan la importancia del reconocimiento y la comprensiéon de los limites. Estos
principios requieren la demostracion, medida y uso practico de la informaciéon sobre los limites de la variacion
natural. Es importante identificar los limites para no incurrir en riesgos y pérdida de integridad cuando dichos
limites se sobrepasan. Con el manejo dentro de unos limites naturales, el hombre (el responsable del manejo)
puede conseguir simultdneamente sostenibilidad y minimizacion de riesgos, asi como explicar la complejidad.
Esto estad en el nucleo central del manejo sistémico. El manejo sistémico engloba los principios basicos de
cualquier tipo de manejo. Uno de los principios requiere que el manejo asegure que nada exceda los limites
observados en la variacion natural. Este principio se basa en que la variacién estd condicionada por varios
factores limitantes, muchos de los cuales conllevan riesgos. Otro principio del manejo requiere que estos
factores sean considerados simultdneamente, exhaustivamente y en proporcién a su importancia relativa.
Dichos factores, en combinacién, constituyen la complejidad que los responsables del manejo deben considerar
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al aplicar los principios bésicos de su funcion controladora. Esta combinacion de elementos se refleja en los
limites observados en la variacién natural referentes a cada factor natural y su importancia relativa. El presente
articulo resume conclusiones extraidas de la literatura cientifica respecto el concepto de variacién natural,
especialmente en el ambito del manejo describe: 1. En qué medida estos limites son inherentes a los sistemas
complejos; 2. Como se ha reconocido la importancia de estos limites para el proceso de manejo; y 3. Cémo
pueden utilizarse para el manejo. Los limites inherentes incluyen tanto los establecidos por el contexto donde
los sistemas se desarrollan (factores extrinsecos) como los establecidos por los componentes y procesos internos
de los sistemas (factores intrinsecos). La informacion sobre los limites es Gtil como guia de la acciéon humana
para acomodar los seres humanos al espectro normal de la variacion natural. Esto forma parte del manejo
sistémico: encontrar un lugar integral y sostenible para el hombre en sistemas tales como los ecosistemas y la
biosfera. Otra parte de la sostenibilidad, sin embargo, implica acciones destinadas a promover sistemas capaces
de proporcionar apoyo sostenible al hombre y a sus actividades, no sélo como individuo sino también como
especie. Es importante distinguir qué puede y que no puede hacerse a este respeto.
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Introduction

Considerable time and effort has been devoted
to defining “ecosystem management” (e.g., VAN
DYNE, 1969; CLARK & SAROKWASH, 1975; AGEE &
JOHNSON, 1988a, 1988b; MITCHELL et al., 1990;
COSTANZA, 1992; COSTANZA et al., 1992; GRUMBINE,
1992, 1994a, 1997; SLocoMBE, 1993a, 1993b;
WOODLEY et al., 1993; MAERz, 1994; MOOTE et al.,
1994; WoobD, 1994; ALPERT, 1995; LACKEY, 1995;
MALONE, 1995; PASTOR, 1995; STANLEY, 1995; UNITED
STATES INTERAGENCY ECOSYSTEM MANAGEMENT TASK
FORCE, 1995; CHRISTENSEN et al., 1996; COOPERRIDER,
1996; MANGEL et al., 1996; Noss, 1996; SAMPSON &
KNOPF, 1996; SCHRAMM & HUBERT, 1996; NATIONAL
MARINE FISHERIES SERVICE ECOSYSTEM PRINCIPLES
ADVISORY PANEL, 1998; COMMITTEE ON ECOSYSTEM
MANAGEMENT FOR SUSTAINABLE MARINE FISHERIES,
1999; McCorMICK, 1999 and the references
therein). This collective effort, in part, was a
reaction to the trouble that is encountered in
pursuing other forms of management, especially
management historically practiced at the single-
species level and particularly when management
is aimed at non-human species rather than
humans. These traditional approaches include
resource management with approaches based
on the concept of maximum sustainable yield
(MSY, and its failures; LubwiG et al., 1993;
GOODLAND, 1995; CALLICOTT & MUMFORD, 1997,
STRUHSAKER, 1998), pest and predator control,
and crop management.

However, management cannot proceed by
focusing on ecosystems to the exclusion of
comparable consideration of species or
individuals. A form of management is needed
that includes consideration of individuals,
species, and the biosphere —in other words, all
of the various levels of biological organization.
These have to be considered in addition to
ecosystems. If other levels of biological organi-
zation are excluded by restricting focus to
ecosystems, management will get into even deeper
trouble than already experienced —trouble
stemming, in part, from a focus that is too
narrow, as experienced by focusing on individual
species, or on individuals (e.g., individual
humans). Especially problematic is management
that assumes that humans can control other
species or ecosystems and simultaneously avoid
the side effects or unintended consequences of
management action (ROHMAN, 1999). Systemic
management (management that embodies the
principles and tenets of management as
developed in the literature on management, to
represent the best thinking available, and as
shown in appendix 1; see also: FOWLER, 19993,
1999b; FOowLER & PEREZ, 1999; FOWLER et al.,
1999; FOwLER, 2002) avoids these problems by
considering and accounting for all levels of
biological organization as part of an application
of the tenets of management in general. It
extends beyond the management of human use

of natural resources; it also applies in other
realms (e.g., CO, production or energy
consumption: FOwLER & PEREz, 1999; or social
and psychological issues: JOHNSON, 1992; CONN,
1995).

Management, regardless of its form, is based
on tenets and principles that are seen as
important. Systemic management is no different
in this regard, and is based, in part, on the
principle requiring that elements of various
natural systems be maintained within their
normal range of natural variation (RAPPORT et
al., 1981, 1985; CHRISTENSEN et al., 1996; HOLLING
& MEFFE, 1996; MANGEL et al.,, 1996; FOWLER,
1999a, 1999b; FowLER et al., 1999; McCORMICK,
1999 and references for appendix 2) —a theme
treated more thoroughly below as a primary
point in this paper. In developing this point,
there is documentation of the recognition of
this principle, the full history of which deserves
more extensive treatment than is possible here.
Part of this history involves the conclusion that
adhering to this principle requires the use of
empirical information about variation and its
limits (FOWLER, 1999a, 1999b; FOWLER & PEREZ,
1999; FOWLER et al., 1999).

The existence of a normal range of natural
variation implies that there are limits to such
variability, but does not rule out the possibility
that natural variation will change over time,
space and environmental circumstances (e.g.,
weather and climate). Thus, variation is itself
one of the things that varies; but even it has
limits. It is often pointed out that everything has
its limits (PIMENTEL, 1966; HYAMS, 1976; RAPPORT et
al., 1981; Pimm, 1982; RAPPORT et al., 1985; SALTHE,
1985; O’'NEILL et al., 1986; SLOBODKIN, 1986;
KOESTLER, 1987; CLARK, 1989; GRIME, 1989;
ROUGHGARDEN, 1989; ORIANS, 1990; ANDERSON, 1991;
MEeaDows et al., 1992; PICKETT et al., 1992; McNEILL,
1993; MoOTE et al., 1994; WILBER, 1995; AHL &
ALLEN, 1996; CHRISTENSEN et al., 1996; HOLLING, &
MEFFE, 1996; MANGEL et al., 1996; NATIONAL MARINE
FISHERIES SERVICE ECOSYSTEM PRINCIPLES ADVISORY PANEL,
1998; MULLER et al., 2000; UHL et al., 2000).

Limits are one of the more recognized elements
of nature, as frequently seen in the study of
ecology. Limits define natural patterns. Most
general ecology texts address this concept and
many contain words such as limits, or limiting
factors in their indices (e.g., ALLEE et al., 1949;
BROWN, 1995; DIAMOND & CASE, 1986; EMLEN, 1973;
KREBS, 1972; Obum, 1959; PLATT & REID, 1967;
RICKLEFS, 1973). Any automated search of the
available ecological or biological literature by
using the term “limits” reveals the extent of its
importance, especially in the titles and key words
of many papers published in the biological
sciences. Limiting factors are often treated in
terms of the constraints posed by available
nutrients, or other resources, but also include the
effects of predation and disease on population
numbers, biomass, productivity, or species
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numbers. While the concept is generally well
developed in a variety of ecological settings, it is
most commonly used to describe constraints on
population size (and the variation of population
numbers or biomass in space and time).

Some aspects of limits are straightforward
(usually hard limits, see below). A population
cannot use more resources than are available,
either in total biomass or numbers of species.
Similarly, consuming nothing is not an option
for any species because zero consumption
guarantees extinction. An ecosystem cannot
constitute more than 100% of the biomass in
the biosphere. Other limits are more complicated
as exemplified by the population dynamics of
any species. The limits set on populations result
in central tendencies (commonly called carrying
capacity, K) such that any species’ numbers
ordinarily tend away from zero and cannot be
infinite —they find a dynamic balance. These are
systemic limits set by combinations of both
intrinsic and extrinsic factors (INGRAM & MOLNAR,
1990), or the soft limits of processes, competing
or opposing forces, and related rates. For a
population, these factors include disease,
resource limitations, metabolic needs, density
dependence, social dynamics, life history, body
size, temperature, habitat, behavior, reproductive
strategy, environmental variation, and predation
—the list is virtually endless (PIMENTEL, 1966).

This paper includes a partial review of the
literature that addresses limits inherent to natural
variation to help bring the concept of limits to
its proper place in management. The following
material presents a much broader perspective,
however, than any focus on populations would
allow. There is a bias, nevertheless, in considera-
tion of biological and ecological systems at the
expense of attention to physical systems (e.g.,
variation in tidal cycles, climate change, or river
flow). This bias tends to place emphasis on factors
exemplified by consumption of energy (by biotic
systems), consumption of biomass from the
biosphere, production of CO,, and predation
rates. It is a primary goal of this paper to
stimulate recognition of the concept of limits as
a way to guide human action in regard to
influence on living systems, as well as finding an
appropriate place for humans within such
systems. A major question is faced in manage-
ment: “Can scientifically meaningful 'limits' or
'boundaries’ be defined that would provide
effective warning of conditions beyond which
the nature-society systems incur a significantly
increased risk of serious degradation?” (KATES et
al., 2001).

The sections below begin with a consideration
of the terminology used to discuss and
characterize limits and limitations along with
terms used to describe the results of such factors.
Following this, there is a section on the factors
that contribute to limitations —those things that
do the limiting. It contains a sample of what

collectively comprises the full complexity of
nature —or what many call reality. Next is a
section containing examples of the kinds of things
that are limited. Again complexity or reality is
involved because virtually everything finite is
limited. The fact that there are risks involved in
exceeding the normal range of natural variation
is emphasized. These risks are among the factors
that contribute to establishing limits (e.g., there
are risks to each individual human, exemplified
by the risk of death associated with body
temperature outside the normal range of natural
variation). The paper ends with consideration of
the application of information about limits, the
role of such information in management, and
the definition of management based on such
information —systemic management.

Terminology

It is helpful to recognize two categories of limits
introduced above, each of which will be involved
in the remainder of this paper: soft limits and
hard limits. Soft limits arise from a balance of
forces or competing rates in natural processes.
They are usually invoked long before hard limits
are approached and can be exceeded for various
periods of time, but not indefinitely. Hard limits
include physical limits such as space, or the energy
content of a resource. Thus, true sustainability
exists only within the combination of limits that
govern natural systems, each with its own time
scale. Temporal scales for soft limits involve the
length of time such limits can be exceeded before
systemic restorative (homeostatic) forces prevail.

Appendix 2 presents various quotations from
the literature where it is seen that a wide variety
of terms are used to deal with the concept of
limits to natural variation. Equivalent terms are
used in both the scientific and management
literature, but in different ways. In scientific
publications, various words are used to represent
limits that are identified, observed, described
and measured. Descriptions often include the
ways in which limitation is brought about by the
factors involved —the processes of limitation or
the elements that contribute to limitation. The
terms used in scientific work also describe and
identify the things that are limited. In contrast,
the literature on management uses the same
terminology to stress the point that it is important
to do what is possible to maintain systems (such
as ecosystems, and their component species or
populations) within the normal range of natural
variation (tenet 3, appendix 1). The literature
also makes it clear that managers are increasingly
aware that limiting humans becomes both
paramount and the only viable option. It is
important to limit action so as to avoid risks,
including those of doing things that make other
systems fall outside the normal range of their
natural variation (appendix 1, McCORMICK, 1999).
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Constrain

Variations on this term are often used to
characterize nature and natural processes
(appendix 2; FARNWORTH & GOLLEY, 1974; ALLEN &
STARR, 1982; PimMm, 1982, 1984; SALTHE, 1985; FISHER,
1986; O'NEILL et al., 1986; STEARNS, 1986; BROWN &
MAURER, 1987; GLAZIER, 1987; KOESTLER, 1987; AGEE
& JOHNSON, 1988a; GRIME, 1989; GRuBB, 1989;
TILMAN, 1989; BURNS et al., 1991; PONTING, 1991;
HANNON, 1992; NARINS, 1992; BROWN, 1995; AHL &
ALLEN, 1996; HOLLING & MEFFE, 1996; MANGEL et
al., 1996; MULLER et al., 2000). As will be seen
below, systems place limits on their components
and the term constrain is used along with others
to convey this concept (e.g., BURNS et al.,, 1991).
Constraining effects are involved in species
interacting with each other (e.g., KNoLL, 1989).
The term constrain is also used in the literature
on management but it is applied in two ways.
First, it is used in terms of action (constraining
human options, and as a matter of exhibiting
constraint). Second, it is used interpretively. That
is, empirical information observed in scientific
studies is seen as guidance for action —what to
achieve in carrying out constraining action. The
guidance to be used in management is provided
by information about natural limits (AGEE &
JOHNSON, 1988a; PICKETT et al., 1992; PONTING,
1991; CHRISTENSEN et al., 1996; FOWLER et al.,
1999).

Limit, limitations, limiting

These words, and other derivatives of the word
limit are used often, again both with respect to
characterizing nature (DARWIN, 1953; PIMENTEL,
1966; BATESON, 1972; HYMANS, 1976; LEVINTON,
1979; STANLEY et al., 1983; Yobzis, 1984; O'NEILL
et al., 1986; AGEE & JOHNSON, 1988a; Buss, 1988;
CLARK, 1989; ROUGHGARDEN, 1989; ORIANS, 1990;
WOoOODWELL, 1990; ANDERSON, 1991; PONTING, 1991;
PIcKeTT et al., 1992; MCcNEILL, 1993; SWIMME &
BERRY, 1994; WooD, 1994; ROSENZWEIG, 1995; AHL
& ALLEN, 1996; CHRISTENSEN et al., 1996; NATIONAL
MARINE FISHERIES SERVICE ECOSYSTEM PRINCIPLES
ADVISORY PANEL, 1998) and as important to
management (HYMANS, 1976; AGEE & JOHNSON,
1988a; ANDERSON, 1991; PONTING, 1991; PICKETT et
al., 1992; MCcNEILL, 1993; MoOTE et al., 1994;
WoobD, 1994; HARDIN, 1995). The concept of
management as a process of limiting human
influence is interwoven with the observation
and characterization of natural limits.

Threshold, boundary, border

The concept of limits is also embodied in words
that refer to transition points (see the use of
these words or their derivatives in references
such as BROWN, 1995; BROWN & MAURER, 1989;
CLARK, 1989; ELDREDGE, 1991; HASSELL & MAY, 1989;
HENGEVELD, 1990; FUENTES, 1993; MANGEL et al.,

1996; NATIONAL MARINE FISHERIES SERVICE ECOSYSTEM
PRINCIPLES ADVISORY PANEL, 1998; SALTHE, 1985). In
predator/prey interactions, for example, there
are various component processes that result in
cyclic or chaotic population dynamics when they
exceed certain levels, often referred to as
thresholds or boundaries, also reflected in certain
forms of single-species population dynamics (e.g.,
HASSELL et al., 1976). However, bounds and borders
also refer to the combination of upper and lower
limits that confine sets of viable options (BOTKIN
& SOBEL, 1975; CHRISTENSEN et al., 1996). As with
other terms, these are also used both in defining
and guiding the process of management (e.g.,
see SCHAEFFER & COX, 1992; FUENTES, 1993) as well
as in scientific characterization of nature.

Control

This word is also used in reference to the concept
of limits, especially in regard to the constraining
effects of a system’s influence on its components
(e.g., KOESTLER, 1987; O'NEILL et al., 1986; SALTHE,
1985; WILBER, 1995). The collective effects of all
parts of a system on any one part are greater
than the effects of the one on any other (single
part). Following this observation, it is recognized
that management cannot ignore the fact that
human influence on one component of any
complex system results in indirect effects on
other parts of the system as well as those systems
in within which it occurs (secondary effects:
PIMM & GILPIN, 1989; second order effects, ripple
effects: DIAMOND, 1989; non-linear effects,
domino effects: STANLEY, 1984; “down stream”
effects, delayed effects, side effects: PONTING,
1991 —all parts of the unintended consequences
of human influence: ROHMAN, 1999) and control
is seen as a concept restricted primarily to human
endeavor (HOLLING & MEFFE, 1996; MANGEL et al.,
1996). Humans have no control over other
systems in the sense that no one can change the
fact that there will always be secondary (or
higher order) effects of human influence, even
when control is attempted. This includes the
feedback of such effects on humans. There are
always unintended consequences (ROHMAN, 1999)
to management action and one of the limits
experienced in management is the inability to
change this fact.

Other terms used in regard to limits and
limiting processes include regulated (LEVIN, 1989),
governed, restricted, restrained, confined,
proscribed, suppressed, curtailed, channeled,
circumscribed, curbed, contained, barriers (CLARK,
1989), and resistance.

Still more terms are involved in characterizing
the results of limitations seen in the empirically
observed limits to variation. Such characteristics
are the qualities of the limits seen in variation
(e.g., range spanned), and the kinds of variation
observed (e.g., bimodal or unimodal) within the
normal ranges of variation between upper and
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lower limits. Natural variation is constrained by
both upper and lower limits. Limits, constraints
and risks do not always increase or decrease
monotonically. The combined effects of the
numerous limitations, as they act in concert, are
even more complicated. An example that is easy
to relate to as individual human beings is the
risk of mortality from various factors —risks that
increase for body weight, blood pressure, and
body temperature both above and below the
midpoints of the ranges that they span (e.g., see
CALLE et al.,, 1999, and references therein,
regarding weight). Therefore, upper and lower
limits preclude many options; they function to
allow as the only viable alternatives those seen
between upper and lower limits. The remaining
options are usually realized with their greatest
frequency at some midpoint between the limits.
Thus, there is always an emergence of central
tendencies between upper and lower limits.
Limits often operate as opposing forces (often
soft limits), and the collective balance found in
such opposition contribute to the formation of
patterns in nature (e.g., see the stochastic analog
of equilibrium; BOTKIN & SOBEL, 1975; CHRISTENSEN
et al.,, 1996). There is terminology associated
with these patterns, or central tendencies, just
as there is for the consideration of any single
component among the factors that contribute to
limiting natural variation.

Mean, mode and median

Statistical names for the measure of central
tendencies include terms such as these (SNEDECOR,
1956) to refer to the magnitude of the central
tendency (i.e., its position) within the infinite
range of options among real numbers.

Kurtosis and skewness

These terms refer to the position and concentration
of central tendencies with respect to the upper
and lower bounds of variation (SNEDECOR, 1956).
Kurtosis refers to the distance between the central
tendency and its limits, the concentration of
observed measures near the central tendency, or
the flatness and spread of the distribution.
Skewness relates more to the degree to which
there is a lack of symmetry in the variation. Thus,
both terms are used in regard to the shape of the
frequency distribution (or probability distribution)
of empirically observed variation. Various
mathematical models (e.g., log normal, binomial,
Poisson, and others, SNEDECOR, 1956) are available
to represent the probability distribution of variation
in its different forms. Transformations are often
used to convert measures showing non-symmetric
distributions to more symmetric or normal
distributions (especially log transformations, LIMPERT
et al., 2001).

Terminology is not confined to the concept of
limits, measures of limits, or the characterization

of variation within limits as treated above.
Various terms are also used in reference to the
processes that contribute to the production or
origin of central tendencies, especially their
positions. Naturally, these include the limiting
processes that affect constraint above and below
the central tendencies. However,, such processes
also include other factors, such as processes
involving replication or positive feedback that
contribute to the position of central tendencies
through the accumulation of more numerous
examples in the regions of central tendencies.

Homeostasis, balance and feedback

These terms are examples of words regarding
the processes that contribute to the origins of
central tendencies (as opposed to simple
constraint). Specific examples of the elements
involved in these processes will be considered
below. These processes operate in conjunction
with all other processes in nature as none can
operate in isolation from the others. The results
of the synergistic combination of all the processes
are the patterns observed to characterize nature
(ALLEN & STARR, 1982) —often seen as emergent
patterns (KAUFFMAN, 1993; EL-HANI & EMMECHE,
2000) that include the stochastic analog of
equilibrium (BOTKIN & SOBEL, 1975; CHRISTENSEN et
al., 1996). These processes are part of what the
various species (including humans, tenet 9,
appendix 1) are exposed to by being part of
systems such as ecosystems.

Integrity, balance and normal (or natural)

These are terms related to such patterns as those
that make up, or characterize, natural systems
(e.g., GRUMBINE, 1994a) often found in the titles
of papers describing nature (e.g., WILLIAMS, 1964).
Many of these patterns are correlative, meaning
that the magnitude of the mean of a variable is
related to that of another variable (measure) as
exemplified by the relationship between the
central tendency of population density and body
size for animals (fig. 1, see also DAMUTH, 1987;
PETERS, 1983). Others relate to the physical
environment as found in relationships between
geographic range size and latitude (e.g., STEVENS,
1992) or predation rates and temperature. The
word integrity is sometimes used with regard to
management objectives in the sense of achieving
normal states of nature (e.g., KARR, 1990). Balance
is often seen as a property of nature in view of
the limits to variation (e.g., PIPER, 1993) and
something that occurs in spite of variation (i.e.,
equilibria are rarely static properties of nature,
especially biological systems; BOTKIN & SOBEL, 1975;
CHRISTENSEN et al., 1996).

There is yet another set of terms used to
characterize statistical outliers, extremes, or
things beyond the normal range of natural
variation (e.g., beyond the limits, MEADOWS et
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Fig. 1. Population density of 368 terrestrial mammalian herbivore species in relation to adult
body mass (DAMUTH, 1987; FOWLER & PEREZ, 1999) as an example of variation in one measure of

a species in relationship to variation in another.

Fig. 1. Densidad de poblacién de 368 especies de mamiferos herbivoros terrestres en relacion con
la masa corporal de los adultos (DamuTtH, 1987; FowLeER & Perez, 1999) como ejemplo de variacion
de una medida en una especie respecto a la variacion en otra especie.

al., 1992), especially as cases subject to the risks
of limiting factors and include words such as
abnormal, pathological, deviant, aberrant,
atypical, and anomalous. The word unnatural is
also used but must be treated with care.
Everything happens naturally and extremes
beyond the normal ranges of natural variation
are subject to the natural limits and risks that
make such extremes rare. Thus, it is not so much
unnatural, as it is abnormal, to observe a
characteristic or condition (such as a fever) as an
extreme. Extreme fluctuation is abnormal
(CHRISTENSEN et al., 1996) as is often observed for
populations. Thus the term pathological, or
carcinogenic is used in reference to human
overpopulation (CALHOUN, 1962; BATESON, 1972;
HERN, 1993). At the ecosystem level pathology is
also used to describe problems when atypical
conditions arise (e.g., RAPPORT, 1989a). These are
words that help clarify the distinction between
the natural occurrence of extremes and things
that fall in the normal range of natural variation.

Factors contributing to limits: complexity |

Limiting factors combine in nature to make up an
interconnected set of forces, risks, and constraints.
A major part of scientific endeavor is dedicated
to documenting these factors and the lists that
are available now, while long, only scratch the

surface of the complexity of reality —even in
their combination. The entire complexity within
and among natural systems contributes to both
the collective constraints on variation and to the
formation of the central tendencies within such
variation (e.g., see PIMENTEL, 1966 regarding limits
to population size) as introduced above. Research
on the limits to variation in biological systems has
resulted in the recognition of a great many
contributing factors and an exhaustive list is
beyond the scope of this paper. However, there
are examples worth mention, some of which are
found in appendix 2.

A great deal of literature has accumulated
from studies of the factors that limit population
size. There is a long list, and various categories of
such factors are considered to be of importance.
Among such categories are parasites, predators,
disease, behavior (COHEN et al., 1980), energy,
resources (food, prey), space, competition, and
nutrition (including needs for individual elements
and their compounds such as amino acids) —all
subjects of a long history of research on population
ecology and represented by a sample of references
in appendix 2 (e.g., PIMENTEL, 1966; FARNWORTH &
GOLLEY, 1974; O'NEILL et al., 1986; TILMAN, 1989;
MCcNEILL, 1993). Other factors include limits on the
options for life history strategy especially as related
to body size (DAMUTH, 1987), or the options for
population growth and kinds of mortality as
related to life history strategy (FOWLER, 1988).
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The limitation of populations by micro-
organisms (diseases or pathogens) or other pests
has been of special focus in many studies and are
factors recognized by PIMENTEL (1966), FARNWORTH
& GOLLEY (1974), STANLEY et al. (1983), and TILMAN
(1989). A review of such limitations has been
conducted by McCaLLum & DOBSON (1995).
However, it is clear that microscopic or small
bodied consumers are not the only category of
species known to contribute to the limitations
on the population size of their hosts. Consumer
species that are of larger body size than their
consumed prey/resources are also involved (e.g.,
predators and herbivores; STANLEY et al., 1983;
O'NEILL et al., 1986; MCcNEILL, 1993). Whether
microscopic or not, the degree to which one
species acts to limit the population of another
varies from case to case. Removing predators
experimentally to rid their resources of such
influence often results in population increases,
but not always. Limiting influence is thus only a
tendency and rarely predictable owing to the
complicated nature of the interactions and factors
that influence them (Pimm, 1991). In the final
analysis, mortality caused by consumers or disease
count among the many factors that contribute
to limiting population size but are not the only
factors involved.

Sunlight provides the energy that is passed
through the food webs of communities and
ecosystems. This energy is involved in metabolism,
growth, reproduction and survival. It is not
limitless in its flow through biological systems,
however, and is among the factors that have
been studied for a variety of such systems from
cells to the biosphere. As such, energetic
constraints are not confined to setting limits on
population size and the various limits involving
energy are represented by a voluminous
literature. Energy has been noted as a limiting
factor in a variety of biological systems by BROwN
(1981), Pimm (1982, 1984), Yobzis (1984), BROWN
& MAURER (1987), GLAZIER (1987), GASTON (1988),
TILMAN (1989), and HANNON (1992). Energy is
clearly not the only limiting factor for biological
systems. The more general issue of resources
(including nutrients of various kinds) as
constraining factors is often noted (STANLEY et
al., 1983; O'NEILL et al., 1986; MCNEILL, 1993),
occasionally as expressed through competition
(PIMENTEL, 1966; STANLEY et al., 1983).

Another important resource is space (or habitat
size). Thus, space is also frequently identified as
a limiting factor, including its limitations on
species numbers in addition to its constraints on
population size (e.g., STANLEY et al., 1983; O'NEILL
et al., 1986; ROSENZWEIG, 1995; BROWN, 1995).

Extinction is also a limiting factor (BROWN &
MAURER, 1987), perhaps an ultimate limiting factor
(at times a soft limit with a long time scale), and
one that has its effects on species numbers,
diversity, communities (ARNOLD & FRISTRUP, 1982;
FOWLER & MACMAHON, 1982; GouLD, 1982;

ELDREDGE, 1985; KITCHELL, 1985; LEVINTON, 1988;
BROWN, 1995; ROSENZWEIG, 1995), and body size
(i.e., as a contributing factor in limiting the
maximum size observed among species, e.g., see
VAN VALEN, 1973; BARANOSKY, 1989; FOWLER &
MACMAHON, 1982; BROWN, 1995). Thus, extinction
at the species-level, like death at the individual-
level, is one of the risks associated with the
extremes characterized as pathological or
abnormal. Extinction is a limiting factor that
also exemplifies a process rather than a physical
entity in its limiting action (soft limit in involving
long time scales).

Other limitations involve morphological factors
(Pimm, 1982, 1984; FISHER, 1986; BROWN, 1995),
functional, historical, and evolutionary elements
(PickeTT et al., 1992), physiology, and behavior
(BROWN, 1995), various population dynamical forces
(as well as other dynamics; PIMENTEL, 1966;
LEVINTON, 1979; PimmMm, 1982, 1984; ROSENZWEIG,
1995), environmental predictability (LEVINTON,
1979), environmental heterogeneity (PIMENTEL,
1966), evolutionary forces (including genetic
feedback mechanisms, PIMENTEL, 1966; FOWLER &
MACMAHON, 1982; PiMM, 1984), and the availability
of genetic (raw) material (GRuBs, 1989). Nutrition,
space, toxic materials, competition, predation,
cannibalism, and stress are all limiting factors
(ROSENZWEIG, 1974). There is little, if anything,
that can be ignored in the complexity of factors
that limit variability (PIMENTEL, 1966).

It must be recognized that there are two more
closely interrelated categories of limiting factors
(each involving both hard and soft limits)
depending on whether they are extrinsic or
intrinsic to the system showing variation (INGRAM
& MOLNAR, 1990). Variation limited by extrinsic
factors in biological systems includes the effects
of disease, predation, competition, habitat size,
and resource availability on population size.
Intrinsic factors limiting population size include,
body size, behavior, and the birth and death rates
involved in life history strategies. At the same
time such factors are observed to contribute to
limitations, they also have their influence on the
position of central tendencies. Intrinsic and
extrinsic factors are involved in the limitation of
any system and its interactions with other systems.

As amplified in the next section, there are a
variety of levels of biological organization to
which limiting factors apply. These span the
range from sub-cellular structures, to cells,
organs, individual organisms, populations,
species, communities and ecosystems, through
to biomes and the biosphere. It is easy to find
examples of limiting factors for each level of
biological organization. At the individual level,
body size is limited by extrinsic factors such as
food availability, and intrinsic factors such as
metabolic dynamics. This list goes on to include
mortality at the individual level, and extinction
at the species level. At the community or
ecosystem level, species numbers are limited
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extrinsically through factors exemplified by energy
and space, and intrinsically by evolutionary factors
and population dynamics. Collectively, all species
in an ecosystem interact with each other such
that each one is subject to the constraints
emergent from the combined effects of the others.
This happens in all systems such that the extrinsic
factors that impose limits include those through
which a system poses limits to its parts or its
components (e.g., AHL & ALLEN, 1996; MULLER et
al., 2000). These include the processes of natural
selection involving death and extinction.

Both intrinsic and extrinsic factors operate
simultaneously and collectively in natural systems
(INGRAM & MOLNAR, 1990) —sometimes reinforcing,
sometimes nullifying each other. The degree to
which such things happen varies from case to
case. Furthermore, synergistic effects and
interactions among such factors are common. The
combined action of such factors result in observed
patterns (e.g., as observed in the results of various
forms of natural selection; ARNOLD & FRISTRUP,
1982; FOWLER & MACMAHON, 1982; GouLD, 1982;
LEVINTON, 1988). Thus, patterns are the results of
systemic effects, or the effects of the entire suite
of limiting factors and all of their interactions.
Some of these patterns in nature are partially
explained by the balances that result from limiting
factors that function to reinforce or oppose one
another. Balances resulting from the latter are
especially important in observed patterns.
Extinction acting to limit the options for natural
selection at the individual level provides a good
example (ALEXANDER & BORGIA, 1978; FOWLER &
MACMAHON, 1982; GouLD, 1982; LEVINTON, 1988).
Other patterns result from parallel, or reinforcing,
effects. Examples of factors that may work in
concert are seen in the interplay of body size,
population size and geographic range (BROWN &
MAURER, 1987; GASTON & BLACKBURN, 2000) on
extinction rates. Species of large body size and
species with small geographical ranges appear to
have higher extinction rates. This may contribute
to there being fewer species that are large bodied
with small geographic ranges compared to species
with small bodies and large ranges.

The things with constrained variation:
complexity Il

Limitations are imposed on all components and
processes at each level of biological organization.
Whether it be a cell, physiological process,
population, predation rate, total population
biomass, speciation, or number of species, it is
something with variation that is subject to limits.
This section turns from the things that exert limiting
influences reviewed in the previous section to
examples of the things that are subject to
limitations. These include such things as body size,
blood pressure, and heart rates for individual
animals. The components of ecosystems and

ecosystems themselves are also subject to limitations
(NATIONAL MARINE FISHERIES SERVICE ECOSYSTEM PRINCIPLES
ADVISORY PANEL, 1998; HAGEN, 1992).

Population size and population variation are
limited. There is a voluminous literature treating
limits to population size (e.g., HOLLING, 1966;
PIMENTEL, 1966; FARNWORTH & GOLLEY, 1974; O’NEILL
et al., 1986; GLAZIER, 1987; SINCLAIR, 1989; TILMAN,
1989) that cannot be ignored. Many things that
limit population size per se are also factors that
limit population variation which is limited within
species as well as among species (SPENCER & COLLIE,
1997; FOWLER & PEREZ, 1999). Variation in general
is limited and population variation is an example
(Buss, 1988; HOLLING, 1966; O'NEILL et al., 1986).
The results of work on populations serve as an
example of insight that would be expected for
other aspects of biological systems had they
been the subject of equivalent study.

Other factors are far from ignored, however. In
addition to population size and variation, the limits
in variation have been shown for a variety of
biological processes and dynamics. The evolutionary
process is not free of limitations (e.g., GRuBB, 1989).
For example, the extent of evolutionary change is
limited (FISHER, 1986) because evolution is
“channeled” by various constraints (GRIME, 1989).
The general concept is exemplified by the lack of
evolutionary options as limited by cell structure.
There are no single celled organisms that weigh a
metric ton. Other processes are also limited. The
behavior of organisms and its evolution is limited
(NARINS, 1992). The variety of dynamics of (and
within) communities and ecosystems are limited
(LEVIN, 1989; PiIMM, 1982). These include the flow of
energy among species (owing to the limitations
established by the inefficiency of metabolic,
photosynthetic, and digestive processes). As will
be seen, processes such as predation, CO,
production, reproduction and mortality all fit within
limits.

The size of cells and the qualities of individual
organisms are limited just as the qualities of
populations and ecosystems are (again by both
intrinsic and extrinsic factors, INGRAM & MOLNAR,
1990; HAGEN, 1992; TILMAN, 1989). The charac-
teristics and qualities of species are limited by,
among other things, a variety of evolutionary
processes as well as intrinsic factors. Among
species groups, attributes are limited by selective
extinction which often involves intrinsic and
extrinsic factors operating in concert (ARNOLD &
FRISTRUP, 1982; FOWLER & MACMAHON, 1982; GOULD,
1982; STANLEY et al., 1983; LEVINTON, 1988). There
are limits to diversity (HUTCHINSON, 1972; INGRAM
& MOLNAR, 1990).

Other factors that are subject to limits include
range size (PAGEL et al., 1991; STANLEY, 1989;
GASTON & BLACKBURN, 2000), the total number of
species (VALENTINE, 1990) and length of food
chains (PiMmM & LAwWTON, 1977; LEVINTON, 1979;
PiMMm, 1984; Yobzis, 1984). Variation within and
among ecosystems and that of ecological



16

Fowler & Hobbs

communities are constrained by the influence of
factors such as selective extinction (ALEXANDER &
BORGIA, 1978; FOWLER & MACMAHON, 1982; ARNOLD
& FRISTRUP, 1982; GouLb, 1982; ELDREDGE, 1985;
KITCHELL, 1985; LEVINTON, 1988; HERRERA, 1992;
GASTON & BLACKBURN, 2000), including limitations
on the numbers of species (e.g., the size of the
membership of a community as the count of
species, ROUGHGARDEN, 1989; GLAzIER, 1987) or
species richness (LEVINTON, 1979). The numbers of
species consumed by a consumer and the number
of consumers that consume a particular prey
species are constrained (MARTINEZ, 1994). The
qualities of species involved in communities and
ecosystems are limited as exemplified by the
small number of species with large body size
compared to small-bodied species (FOWLER &
MACMAHON, 1982; BROWN & MAURER, 1987). Within
communities and ecosystems the number of
trophic levels are limited (ROSENZWEIG, 1995).
Constraints influence most of the patterns and
dynamics of (and within) communities and
ecosystems (LEVIN, 1989; Pimm, 1982).

The components of systems are limited, among
other things, by the systems of which they are a
part. There is a substantial body of literature that
presents a helpful interpretation of the collective
effects of limiting factors —that is, the limitations
resulting from the suite of all factors acting
together, regardless of what is being limited. In
such work, it is pointed out that the collective
effects of complex systems control, constrain or
otherwise limit their components (e.g., DYLE, 1988;
KOESTLER, 1987; O'NEILL et al., 1986; SALTHE, 1985;
WILBER, 1995; MULLER et al., 2000). An example
would be the limiting influence of an ecosystem
on its component species and their populations
(O'NEILL et al., 1986).

Such work adds to the importance of the
observation that everything is subject to limits.
Everything (everything finite) is part of a more
inclusive system which includes all of the factors
that contribute to setting limits. Thus, within
biological systems, each thing chosen for scientific
study will be limited by the more inclusive or
collective level of biological organization of which
itis a part, along with the non-biological elements
and processes of its environment (sometimes
referred to as context, appendix 1). This is a
matter of scale as noted by AHL & ALLEN (1996)
who point out that small-scale entities are limited
by the larger scale entities. Much of the literature
makes the point more generally: all components
of more inclusive systems are limited by the
collective influence of the factors to which they
are exposed (e.g., BATESON, 1972; ALLEN & STARR,
1982; MAYR, 1982; SALTHE, 1985; O'NEILL et al.,
1986; KOESTLER, 1987; Buss, 1988; ORIANS, 1990;
BURNS et al.,, 1991; MCcNEILL, 1993; AHL & ALLEN,
1996; MULLER et al., 2000). And everything finite is
a component of some larger system (WILBER, 1995).
It must be concluded that everything is subject to
limits in its natural variation.

Personal experience emphasizes this fact.
Perhaps this is recognized most clearly in observing
that humans are limited in what can be known
(FOWLER et al., 1999) or what can be conceptualized
(MCINTYRE, 1997). Thus, not only are there limits
to what can be done and what humans can be,
but humans are limited in what can be understood.
Knowledge itself is limited. In part, the experience
of these limits, along with other limitations, is
related to the fact that finite things are, by their
very nature, limited. The models used to represent
things can not be all inclusive and the results of
exercises based on models are thereby subject to
error; being limited, models are real but not
reality, just as maps are not the territory (BATESON,
1972, 1979; models are never the reality they
represent). Thus, science is limited. This is
experienced in the inability to recombine
information from the things that are studied
(what might be called the Humpty-Dumpty effect,
or syndrome, NIXON & KREMER, 1977; DUNSTAN &
JoPE, 1993; REGAL, 1996; HORGAN, 1999). Even more
of the limits of science are experienced in the
inability to adequately or accurately assign
importance to the influence (limiting or otherwise)
of each factor made the focus of research (ALLEN
& STARR, 1982; BARTHOLOMEW, 1982; ROSENBERG,
1985; SALTHE, 1985; GRoss, 1989; PETERS, 1991;
PICKETT et al., 1994).

There is a continued experience of limitations
in progression from science (e.g., PETERS, 1991;
STANLEY, 1995) to management. As already
mentioned, the options for management are
limited in that humans cannot control the fact
that there will always be unintended consequences
to management action. There is no control over
other systems to avoid such effects. The tenets of
management limit what can be done; they are
based on principles that exert a form of natural
selection among the options. Humans are limited,
as in everything else, in management. It is time to
manage with limits in mind.

Utility / practical application

Patterns arise, in part, from the limits to variation
resulting from the vast array of inter-relationships
among the various elements of nature operating
simultaneously. Variation itself, both within, and
as a part of pattern, is also a product of this
complexity. Everything is subject to the influence
of the elements in its environment (context,
BATESON, 1972, and extrinsic factors) along with
the influence of its components (WILBER, 1995;
intrinsic factors). Are these observations of no
more than philosophical interest? Many can be
easily documented or experienced personally,
but of what use are they?

One tenet of management requires that things
(e.g., biological systems and processes) be
maintained within the normal range of natural
variation (tenet 3, appendix 1). There is an
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especially important element of responsibility for
implementing this element of management with
respect to biological systems. Such requirements
have long been recognized in human and
veterinary medicine. This is now being extended
to ecosystems and all of their components,
including humans (e.g., CHRISTENSEN et al., 1996;
MANGEL et al., 1996; McCorMICK, 1999, appendix 1
and 2). Various panels and groups convened to
address the management process (especially at
the ecosystem level) have reached the conclusion
that this is an essential tenet of management
(e.g., NATIONAL MARINE FISHERIES SERVICE ECOSYSTEM
PRINCIPLES ADVISORY PANEL, 1998, appendix 2). MOOTE
et al. (1994) were clear that ecosystems and natural
patterns are the result of limits and that humans
have the responsibility to fall within such limits.
Managers are responsible for doing what can be
done to ensure that ecosystems fall within the
normal range of natural variation. However, this
conclusion is not restricted to individuals, species,
ecosystems or communities. It applies to nature
(e.g., combinations of biological systems) in
general (e.g., DARWIN, 1953; PICKETT et al., 1992;
SALZMAN, 1994; WooD, 1994; CHRISTENSEN et al.,
1996; NATIONAL MARINE FISHERIES SERVICE ECOSYSTEM
PRINCIPLES ADVISORY PANEL, 1998). Management
should be carried out by doing everything possible
to ensure that biological systems fall within their
normal range of natural variation. Doing so is at
the core of systemic management.

Part of the concept of normal involves what is
natural. Much of the literature on management
emphasizes the importance of doing things to
maintain or recover natural states regardless of
whether it is for individuals, species, communities
or ecosystems. Recent literature regarding
ecosystems illustrates the progression in the
development of this concept from its acceptance
at the individual level to its application at higher
levels of biological organization (HOLLING & MEFFE,
1996; MANGEL et al., 1996; RAPPORT et al., 1981,
1985; DAVIS & SIMON, 1994; CHRISTENSEN et al., 1996;
FOWLER, 1999a, 1999b; FOwWLER et al.,, 1999). The
word intact is used to refer to systems that are
“healthy” or “undamaged” (ANDERSON, 1991). Such
concepts are meaningless without frames of
reference. Thus, “natural” patterns are often seen
as those that fall within the normal limits of
variation, not only for physical structure but also for
natural processes. There is need for care here. It is
important to be mindful of the fact that it is natural
for there to be occasional outliers as examples
beyond the normal range of natural variation and
when such occasions arise, they are subject to the
natural effects of limits (i.e., the natural phenomena
that set limits, pose risks, and prevent the occurrence
of more such extremes —risks exemplified by death
and extinction).

It is also important to account for human
influence. There are few if any systems left on the
planet that have not been subjected to abnormal
human influence and the problem of providing

reference points is growing (DAYTON, 1998).
However, all species influence their ecosystems
and the other species in such systems. The extent
of human influence would not be a particularly
large problem if anthropogenic effects were not
themselves abnormal as will be seen in the sections
ahead. As a result of the extensive human
influence it is important to define “normal” and
“natural” so as to focus more on situations
wherein human influence itself is not abnormal;
that is, within the range of natural variation of
influences that other species exhibit.

Attempts to apply the concepts of “normal”
and “natural” include efforts to return ecosystems
to normal states. However, restoration (e.g.,
ecosystem restoration, JORDAN et al., 1987) cannot
be a recovery of the past —a clear hard limit is
the irreversibility of time. It is possible to learn
from history, and seek guiding information from
patterns historically observed, but it is impossible
to reconstruct what existed in the past. Change
is a permanent part of the processes that cannot
be avoided, especially change resulting from
action taken in management.

When considering management, it is impossible
to escape the concept of what should be and
hence, the matter of ethics. The material presented
here is based on the assumption that the tenets
that have been accepted in the literature are, in
fact, important. Tenet 3 (appendix 1) emphasizes
the importance of acting so as to facilitate any
biological system’s falling within its normal range
of natural variation (whether such a system be a
cell, organ, individual, population, species,
ecosystem or the biosphere). It is worth pointing
out, however, that there are religious elements to
the ethic behind this tenet that are of long
standing importance (e.g., CLARK, 1989; PONTING,
1991). An in—-depth treatment of ethical issues, or
their history, is beyond the scope of this paper.

Another tenet of management is that of having
measurable goals and objectives; there need to be
norms, standards, reference points, guidelines and
criteria to go by (tenet 7, appendix 1). These are
provided through systemic management: the
central tendencies and statistical confidence limits
observed in natural variation provide such guidance.
They represent options that are optimal in
minimizing risk —not just any particular set, but
all risks working in concert. These risks and
constraints are the entire suite of factors
experienced by systems such as cells, species, or
individuals in the real world. Thus, the empirically
observed central tendencies fall between the upper
and lower limits observed for variation subject to
the all limiting factors of the real world acting
synergistically. Therefore, understanding limits, and
taking advantage of the results of their action,
provides a great deal to go on in this regard and
provides hope of implementing sound management
(DARWIN, 1953).

This is the concept behind the medical
perception of health when action is taken to
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restore body temperature, blood pressure, or body
weight that is abnormal. Thus, the normative
concept of health can be applied whether to
individuals (e.g., in maintaining proper cholesterol
or blood sugar levels) or ecosystems (RAPPORT, 1989b;
EHRENFELD, 1993; HOLLING & MEFFE, 1996) by
implementing the concept of evaluation with
regard to normal variation (KING, 1993). Just as
processes within individuals (e.g., metabolism,
digestion, respiration) are important to manage-
ment in this regard, so are the processes within
the higher levels of biological organization, such
as nutrient flow in ecosystems (e.g., HOLLING &
MEFFE, 1996). Other ecosystem features that are
subject to limited natural variation include numbers
of species, trophic structure, energy storage,
population variation and total biomass levels.

How are the goals and standards from central
tendencies of use? Such information can be used
to evaluate both human and non-human systems.
What happens if the characteristics of an
ecosystem are outside the normal range of natural
variation? Direct management of ecosystems is
impossible because of the lack of control over
ecosystems (EHRENFELD, 1981; McNEILL, 1989; HOLLING
& MEFFE, 1996; MANGEL et al., 1996; COMMITTEE ON
ECOSYSTEM MANAGEMENT FOR SUSTAINABLE MARINE
FISHERIES, 1999; FRANCIS et al., 1999). That is,
management cannot be carried out to avoid many
of the effects of attempted control (whether it be
control of other individuals, species ecosystems,
or the biosphere); many such consequences are
unintentional and unpredicted. However,, humans
do influence ecosystems, as do all species. Both
past and present human influence has resulted in
ecosystems that exhibit abnormal qualities, but
influence is something that every species has.
Human influence may be interpreted as a limited
form of control over ecosystems, but management
can not control the fact that there will be
unintended consequences (ROHMAN, 1999) as the
side effects of influence. This lack of control is
one of the limitations that is experienced in
management in general. It is impossible to exert
influence and, at the same time, know or control
all of the effects. In part, the lack of control stems
from being a part of ecosystems —humans are
components (and the human species is a
component, tenet 9, appendix 1) subject to the
collective limits described above (BATESON, 1972;
O'NEILL et al., 1986; KOESTLER, 1987; O'NEILL et al.,
1986; SALTHE, 1985; WILBER, 1995).

So where do the central tendencies have
practical application? How can management use
such information in view of the fact that all
influences lead to secondary (or other higher
order) effects, at least some of which will result
in feedback over various scales of time that
places (or will place) limits on humans? The 8th
tenet of management (appendix 1) is based on
the fact that the elements over which there is
most control are the human elements, recogniz-
ing that even in self control there will be

ramifications in the rest of the systems of which
humans are a part. Some of these effects will be
desirable from certain points of view, but others
will be negative (that is, many of the effects of
management action will result in feedback that
will have limiting effects on individual humans
and our species). All effects would be positive if
managers had full control, but it is humanly
impossible to control or predict which will be
beneficial and which will not (Woob, 1994). Even
taking mitigating action to avoid influences
beyond those intended will always have its
unintended consequences. There is one remaining
alternative. It is the option of exerting self control
(intransitive or passive management in which
humans regulate what humans do, McCORMICK,
1999). To exercise this option humans do
everything possible so that humans fall within
the normal range of natural variation, guided by
central tendencies.

This is a critical point. What it means to
management is: humans undertake change to exert
influence and exhibit characteristics so as to be a
part of biological systems in which humans fall
within the normal range of natural variation
(DARWIN, 1953; OVINGTON, 1975; PICKETT et al., 1992;
FUENTES, 1993; MCNEILL, 1993; GRUMBINE, 1994b;
MooOTE et al., 1994; SALzmAN, 1994; Woob, 1994;
MANGEL et al., 1996; CLARK, 1989; UHL et al., 2000).
As suggested by ApOLLONIO (1994), humans have
the alternative of mimicking other species. Other
species serve as empirical examples of sustainability.
Mimicking can be accomplished by ensuring that
humans fall within the normal range of natural
variation (especially in finding positions near central
tendencies as standards of reference, or
management guidelines, FOWLER et al., 1999). This
amounts to an extension of biomimicry (BENYUS,
1997) to the species level to address not only
questions about how to feed ourselves, but also
how many humans there should there be to feed.
Alternatively it can be viewed as parallel to the
process of benchmarking in business management
(SPENDOLINI, 1992; BOGAN & ENGLISH, 1994; BOXWELL,
1994; Camp, 1995), with hierarchical options. First,
managers can find the advisable constraints on
what businesses are and do (as in conventional
benchmarking), and secondly, managers can address
the meta-level question of whether or not any
particular business should even exist, and if so at
what level they carry out their functions and
influence. It is an application of restoration ecology
to restore human involvement in nature so as to
fall within the normal range of natural variation.
Nature has been carrying out a form of adaptive
management (HOLLING, 1978; WALTERS & HILBORN,
1978; WALTERS, 1986) over evolutionary time scales
so that it is now possible to take advantage of
eons of natural experiments with sample sizes
involving millions of trials. In short, it is possible to
learn from nature (GRUMBINE, 1994b), or learn to
live as humans by observing other species, much in
line with the philosophy of Thoreau and Muir
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(who saw “...sensitive observation of nature as the
source of wisdom,” NORTON, 1994), or Leopold
“"who pointed out that wilderness provides a ‘base—
datum of normality’” (CHRISTENSEN et al., 1996).
The degree to which current forms of
management are transitive varies. Terrestrial
systems are often more engineered in agricultural
practices than are marine systems (however,
aquaculture is quite transitive in this regard).
Most fisheries are managed by controlling the
fishing effort; nevertheless fish populations are
transitively driven to predetermined levels to elicit
desired productivity without serious or exhaustive
consideration of the systemic consequences. No
such transitive management has withstood the
test of evolutionary time scales and such
approaches fail to acknowledge the track record
of human failure in similar circumstances in
terrestrial settings (e.g., PONTING, 1991).
Regardless of context, however, what is being
done in most of current management ignores
limits as they apply to humans. Management fails
to place humans within the normal range of
natural variation in conventional approaches —a
fact that is often mentioned in the literature on
management and especially in literature critical
of conventional management practices (e.g.,
GADGIL & BERKES, 1991). This point is made
repeatedly in work that draws empirical
information produced in scientific studies to the
attention of society, particularly managers.
Shortcomings and failures are most clear with
regard to management at the ecosystem level
where the need for changes and alternatives are
emphasized (e.G., AGEE & JOHNSON, 1988a).
However, among scientists, the full importance of
limits is not always recognized (GRuBs, 1989).
Socially, freedom is often confused with ignoring
the laws of nature (JOHNSTON, 1991). PIANKA (1974)
sees a generic pattern in human failure to see the
wisdom of finding a place (“balance”) between
upper and lower limits. Many of the world’s
problems today can be attributed to the lack of
this mode of management (WooODWELL, 1990).
Continuing to ignore limits is no longer a tenable
option (CLARK, 1989; MANGEL et al., 1996; NATIONAL
MARINE FISHERIES SERVICE ECOSYSTEM PRINCIPLES
ADVISORY PANEL, 1998). It is of paramount
importance to find a place for humans within the
normal limits of natural variation. As will be seen
later in this paper, there are many cases where
humans are so far outside the normal range of
natural variation that other elements of biological
systems have responded to show abnormal
variation themselves (CHRSITENSEN et al., 1996). In
the end, there is really no choice but that of
finding the human place within the limits of the
systems of which humans are a part (McNEILL,
1993). The effects already caused by the cases of
human abnormality, or pathology, continue to
unfold through delayed consequences. Hopefully
these are not so extreme as to preclude otherwise
viable options for management. The risks resulting

from past actions are risks that are yet to be
faced (OvinGTON, 1975) and the remaining hope is
that actions taken now will both avoid further
risk as well as reduce risk from past mismanage-
ment. One of the challenges will be to conduct
research that provides needed information (ORIANS,
1990; KATEs et al., 2001, tenets 5 and 6,
appendix 1). This clearly includes demonstration
of the central tendencies of natural variation,
and displaying them in graphic form (FOWLER &
PEREZ, 1999). These central tendencies occur
between limits. As maintained by CLArk (1989),
one of the main functions of scientific endeavor is
the production of information about limits —they
bound the central tendencies and present managers
with viable options to address one of the main
questions of sustainability science (as quoted in
the introduction, KATEs et al., 2001).

Discussion: systemic management, a move
in the right direction

What happens if management follows the
guidelines established to avoid the problems
created by current approaches? The various tenets
of management in appendix 1 have been developed
over the last several decades in trying to solve
management problems (e.g., CHRISTENSEN et al.,
1996; MANGEL et al., 1996; NATIONAL MARINE FISHERIES
SERVICE ECOSYSTEM PRINCIPLES AAVISORY PANEL, 1998;
UNITED STATES INTERAGENCY ECOSYSTEM MANAGEMENT
TAsK FoRcE, 1995; COMMITTEE ON ECOSYSTEM
MANAGEMENT FOR SUSTAINABLE MARINE FISHERIES, 1999;
McCorMIcK, 1999). Can management adhere to
them? Is it possible to avoid exacerbating problems
inherited from past actions while expanding the
scope of management? /s it possible to include
ecosystems or the biosphere without giving up on
species or individuals as important levels of
biological organization to which management
applies? The implementation of systemic
management will lead toward accomplishing
these objectives (even if there is no guarantee
that future problems from the failures of past
management can be avoided). It is a form of
management that emerges from past practices
and draws on the lessons learned from
experience. As stated at the outset, it embodies
the principles that have emerged from concerted
effort to deal with problems that have not been
avoided in traditional management. The
following sections provide more depth to the
definiti